signal auditory information to the CNS via the cochlear nerve.
The collagen fibrils of the tectorial membrane run radially are visible in the developing tectorial membrane (Figure 1h Tecta ϩ/⌬ENT , and Tecta ⌬ENT/⌬ENT mice at the 2 day postnatal In this study, we describe how a targeted deletion in stage of development (Figures 2a-2c ). The TM in the entactin G1-like domain of ␣-tectorin results in a TM Tecta ⌬ENT/⌬ENT mice is less darkly stained by Toluidine that lacks all noncollagenous matrix and is completely blue than that in Tecta ϩ/ϩ or Tecta ϩ/⌬ENT mice and is less detached from the surface of the organ of Corti. The compact. By 3 weeks after birth, the cochlea is fully mutation provides a unique opportunity to study how developed and the cells of the greater epithelial ridge the specific and noninvasive removal of a single element have receded to form the internal sulcus. In Tecta ϩ/ϩ from the cochlea affects the behavior of a complex interand Tecta ϩ/⌬ENT mice, the TM is attached by its medial acting system, and allows one to make a number of edge to the spiral limbus, stretches over the internal conclusions about the normal function of the tectorial sulcus, and covers the organ of Corti (Figures 2d and membrane. 2e). In Tecta ⌬ENT/⌬ENT mice, the TM is completely detached from both the spiral limbus and the organ of Corti, and is invariably found associated with Reisner's memResults brane, often lying close to the latter's margin with the stria vascularis ( Figure 2f ). A total of 13 Tecta ϩ/ϩ , 21 The strategy used to introduce a targeted deletion Tecta ϩ/⌬ENT , and 15 Tecta ⌬ENT/⌬ENT mice ranging from 23 (⌬ENT) into the mouse ␣-tectorin gene, Tecta, is shown to 67 days of age were examined in this study by light in Figure 1a . A correctly targeted ES cell line was identimicroscopy. All Tecta ϩ/ϩ and Tecta ϩ/⌬ENT mice had TMs fied by Southern blot analysis (Figures 1b and 1c) . A that were of normal appearance and attached to the chimeric male mouse derived from injection of the tarspiral limbus. All Tecta ⌬ENT/⌬ENT mice had TMs that were geted ES cells into blastocysts was crossed to a C57BL/ detached from the spiral limbus and associated with 6J female. Two pairs of heterozygous agouti mice Reisner's membrane. resulting from this cross were inbred to produce F2 mice, from which pairs of known genotype were inbred to produce an F3 generation. Both F2 and F3 mice
The Otoconial Membranes Are Reduced were used in this study and are on a mixed (50:50)
in Tecta ⌬ENT/⌬ENT Mice, but the Cupulae 129SvEv:C57BL/6J genetic background. All mice were Are Unaffected used before 3 months of age to avoid problems associOtoconial membranes are the extracellular matrices that ated with the age-related hearing loss that have been cover the apical surfaces of the sensory maculae and reported for C57BL/6J and related 129SvJ mouse support the otoconia, dense deposits of calcium carstrains (Zheng et al., 1999) .
bonate that provide inertial mass. ␣-tectorin is expressed in the utricle and saccule of the inner ear, but not in the ampullae of the semicircular canals, and is (Figures 3a-3e) and Tecta ϩ/⌬ENT (not shown) old Tecta ϩ/ϩ and Tecta ϩ/⌬ENT mice by immunofluorescence in both the greater epithelial ridge and the overlymice stain intensely with all five antisera. Staining of the TM was not observed when the appropriate pre-immune ing tectorial membrane (Figures 1f and 1g) . However, at this stage of development in Tecta ⌬ENT/⌬ENT mice, immunoor nonimmune sera were used at the same dilution as the primary antiserum (not shown). In Tecta ⌬ENT/⌬ENT mice, reactivity is observed mainly within the greater epithelial ridge, and only a few small spots of extracellular staining the detached TMs were stained by the antisera recogniz- ing Type II and Type IX collagen (Figures 3f and 3g ), but level, containing bundles of 20 nm diameter collagen fibrils imbedded in a fibrillar matrix. As described prenot by the antisera directed against ␣-tectorin, ␤-tectorin, or otogelin (Figures 3h-3j) .
viously ( tected by Western blotting, indicating that protein levels are very low, and by 3 weeks after birth the TMs of mice in response to an 18 kHz tone is symmetrical for levels below about 60 dB SPL. For levels between 60 Tecta ⌬ENT/⌬ENT mice do not contain any detectable ␣-tectorin. These data indicate that the mutant ␣-tectorin and 95 dB SPL, the CM has a negative asymmetry and hence a negative DC component. For levels above 95 protein is synthesized and probably secreted, but cannot form a stable matrix and is degraded rapidly. The dB SPL, it has a positive asymmetry and a positive DC component (Figures 7a and 7b) . CM could not be mouse is therefore likely to be a functional null, although it is always possible that the phenotype is due to the recorded from Tecta ⌬ENT/⌬ENT mice for frequencies below about 2 kHz. For frequencies above this, the waveform presence of mutant protein rather than its absence. The TMs of Tecta ⌬ENT/⌬ENT mice also lack ␤-tectorin and has a positive asymmetry that remains a fixed proportion of the peak-to-peak magnitude of the unfiltered CM at otogelin, and are devoid of all structural components apart from the collagen fibrils. ␤-tectorin alone is thereall stimulus levels (Figures 7c and 7d) . The phasic wave- The combined greater and lesser epithelial ridges with adherent of eight and screened by PCR for homologous recombination on spiral ganglia were dissected from cochleae of 2 day postnatal mice the short arm of the vector (Wurst and Joyner, 1993) . Positive pools in HEPES-buffered (10 mM, pH 7.2) HBSS, frozen in liquid N 2 , and were identified and individual clones from each pool were restored at Ϫ80ЊC until use. Samples were thawed and lysed in 1% screened as above. Four positive clones were identified from a TX-100/20 mM sodium phosphate (pH 7.2) containing protease inscreen of 576 clones. Genomic DNA was prepared from each clone hibitors (PMSF 1 mM, benzamidine 2 mM, leupeptin 10 g/ml, pep-(Wurst and Joyner, 1993), and 15 g aliquots were digested with statin 10 M, NEM 2 mM) and centrifuged at 15,000 ϫ g for 10 min. XbaI or HindIII and transferred to Hybond-N by Southern blotting.
Pellets were solubilized in SDS-PAGE sample buffer at 100ЊC for 2 Separate blots were hybridized with pBluescript to confirm the abmin and run on 7.5% polyacrylamide gels. Proteins were electroblotsence of vector, and with probe A, a PCR product spanning bases ted to nitrocellulose. Blots were preblocked in TBS/0.05% Tween-1-427 of the cDNA, and probe B, a 303 bp PCR fragment of genomic 20/3% lowfat milk powder for 1 hr and then incubated overnight DNA (Figure 1a) , to confirm homologous recombination on both in primary antibodies diluted in the same solution. Bound primary arms of the targeting vector. One cell line was used to generate antibodies were detected with alkaline phosphatase-conjugated chimeric mice by microinjection of C57BL/6J blastocysts. goat anti-rabbit Ig.
Genotyping Mice
Light and Electron Microscopy Founder mice and their offspring were genotyped by Southern blotAnimals were killed by cervical dislocation and the cochleae rapidly removed and placed in PBS. The oval and round windows were ting as described above. Routine genotyping was performed by removed or punctured with fine forceps, and a small hole was made of the BM in the 48-61 kHz region of the cochlea, about 1 mm from the hook. The interferometer beam was focused to a 5 m spot on in the bony capsule and underlying stria vascularis at the apex of the cochlea. A small amount ‫05ف(‬ l) of fixative (5% glutaraldehyde the surface of the BM. The interferometer was calibrated at each measurement location by vibrating the calibrated piezo stack, on in 0.15 M sodium cacodylate (pH 7.2) containing 1% tannic acid) was perfused through the windows and the apical opening, and the which it was mounted, over a known range of displacements. The calibration was checked against the intrinsic calibration of the intercochlea immersion fixed in the same fixative for a further 2 hr. Samples were washed in cacodylate buffer, postfixed in 1% OsO 4 ferometer. Voltage responses from the interferometer were measured with a two-channel lock-in amplifier (Brookdeal 5210) and for 1 hr, and rinsed in cacodylate buffer. Cochleae from animals 3 weeks of age and older were decalcified after fixation in 0.5 M EDTA digitized at 2.5 kHz with a Data Translation 2828 data acquisition board, and the peak response was stored on a PC. [pH 8.2] for 7 days at 4ЊC. Samples were dehydrated with ethanol, equilibrated with propylene oxide, and imbedded in epoxy resin. CM was measured from the round window membrane using pipettes that were filled with artificial perilymph and had tip diameters For light microscopy, sections of 1 m thickness were stained with 1% Toluidine blue. For electron microscopy, sections of 90 nm of 50-100 microns. Signals were amplified using an amplifier with a recording bandwidth of Ͼ100 kHz (Hartley). Data were digitized thickness were mounted on copper grids and stained with uranyl acetate and lead citrate.
at 250 kHz using a Microstar board and stored on a PC. EP was measured using micropipettes that were filled with 3 M KCl and had resistances of about 100 M⍀. The EP was read from the amplifier Scanning Electron Microscopy display. Experimental control, data acquisition, and data analysis Cochleae were immersion fixed for 2 hr as described above using were performed using a PC with programs written in Asyst or Test-2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7. 
